Mechanisms of acetaminophen-induced hepatotoxicity: role of oxidative stress and mitochondrial permeability transition in freshly isolated mouse hepatocytes.
Freshly isolated mouse hepatocytes were used to determine the role of mitochondrial permeability transition (MPT) in acetaminophen (APAP) toxicity. Incubation of APAP (1 mM) with hepatocytes resulted in cell death as indicated by increased alanine aminotransferase in the media and propidium iodide fluorescence. To separate metabolic events from later events in toxicity, hepatocytes were preincubated with APAP for 2 h followed by centrifugation of the cells and resuspension of the pellet to remove the drug and reincubating the cells in media alone. At 2 h, toxicity was not significantly different between control and APAP-incubated cells; however, preincubation with APAP followed by reincubation with media alone resulted in a marked increase in toxicity at 3 to 5 h that was not different from incubation with APAP for the entire time. Inclusion of cyclosporine A, trifluoperazine, dithiothreitol (DTT), or N-acetylcysteine (NAC) in the reincubation phase prevented hepatocyte toxicity. Dichlorofluorescein fluorescence increased during the reincubation phase, indicating increased oxidative stress. Tetramethylrhodamine methyl ester perchlorate fluorescence decreased during the reincubation phase indicating a loss of mitochondrial membrane potential. Inclusion of cyclosporine A, DTT, or NAC decreased oxidative stress and loss of mitochondrial membrane potential. Confocal microscopy studies with the dye calcein acetoxymethyl ester indicated that MPT had also occurred. These data are consistent with a hypothesis where APAP-induced cell death occurs by two phases, a metabolic phase and an oxidative phase. The metabolic phase occurs with GSH depletion and APAP-protein binding. The oxidative phase occurs with increased oxidative stress, loss of mitochondrial membrane potential, MPT, and toxicity.